a2 United States Patent

Si et al.

US009484934B1

US 9,484,934 B1
Nov. 1, 2016

(10) Patent No.:
45) Date of Patent:

(54) DELAY LOCK LOOP (56) References Cited
(71) Applicant: VIA Alliance Semiconductor Co., U.S. PATENT DOCUMENTS
Ltd., Shanghai (CN) 2008/0284475 AL* 11/2008 1.6¢ oo HO3L 7/08 14
327/149
(72) Inventors: Qiang Si, Beijing (CN); Fan Jiang, 2009/0146707 AL™  6/2009 Shinl ....oooovvivvinnnnn, H033;~7/71/ ég
Betjing (CN) 2010/0194456 Al* 82010 Kang ..oo..... HO3K 5/00006
327/158
(73) Assignee: VIA ALLIANCE 2012/0194241 A1*  8/2012 Shin ..ccccovvivvvviinnnns HO3L 7/07
SEMICORDUCTOR €O, LTD., 2013/0121094 Al* 52013 Zerb H033Lz;;(1)351§
. €IDC ...oviiiiiii
Shanghai (CN) 365/194
2014/0015574 Al* 12014 Lee ..cccoceovvnvernee HO3L 7/0814
(*) Notice: Subject to any disclaimer, the term of this 327/156
patent is extended or adjusted under 35 * cited by examiner
U.S.C. 154(b) by 0 days. Y
Primary Examiner — Adam Houston
(21) Appl. No.: 14/967,865 (74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP
(22) Filed: Dec. 14, 2015 (57) ABSTRACT
. L L A delay lock loop is provided. A delay unit includes a delay
(30) Foreign Application Priority Data factor and delays a first clock signal to generate a second
clock signal according to the delay factor. An elimination
Dec. 2, 2015 (CN) .......................... 2015 1 0874709 unit delays a third clock signal to generate a fourth clock
signal. A phase detection unit is coupled to the delay unit and
(51) Imt. ClL the elimination unit and generates an indication signal
HO3L 7/06 (2006.01) according to a phase difference between the second and
HO3L 7/085 (2006.01) fourth clock signals. A control unit is coupled to the phase
HO3K 5/134 2014.01 detection unit and the delay unit. The control unit controls
y
HO3K 5/00 (2006.01) the delay unit according to the indication signal to adjust the
(52) U.S.CL delay factor. When the delay factor is equal to an initial
CPC oo HO3L 7/085 (2013.01); HO3K 5/134 value, an initial time difference occurs between the first and
(2014.07); HO3K 2005/00019 (2013.01) second clock signals. A time difference between the third
(58) Field of Classification Search and fourth clock signals is equal to the initial time differ-
USPC oo, 327/147-149, 156-158  “0°¢
See application file for complete search history. 11 Claims, 22 Drawing Sheets
100A
e
14
~110
CLE ’_}f(_); mmmmmm
Delay DL 130 Y T
unit a o | - |
... ase T ;
o UP 1l Lowpass |
CLK gy 120 detection ; flter a
Sk umnit | e i
Elimination e g
unit CLK REF




US 9,484,934 B1

Sheet 1 of 22

Nov. 1, 2016

U.S. Patent

Vi

DId

L NIy

A5y un
Poebodunbedecbutusheton - UONBUIWI]
| I | nen - 01~
" ssed MO] M HoBoEp
m . M dfl aseyqd u e
i
! S48 01~ i
e e et e et e oo 4 Ty Agpa
vt 011~

V001




US 9,484,934 B1

Sheet 2 of 22

Nov. 1, 2016

U.S. Patent

HO01

1Y

di DId

i
|
ssed mo7 |
|
|
i

d01

dd¥yp[ LA
UONRUIH T

jn " i~ lzcrl
on9939p 071 Mmﬁm
aseyd | | MM
= jun |

Otl Tayyl Aeed g
011~ -

- NIy15




US 9,484,934 B1

Sheet 3 of 22

Nov. 1, 2016

U.S. Patent

011

V? DId

1y

|

Joxardyny

007~

1INOH0 ARJS(] b+ o 1MoL AB[S(

Quz- 077~

1RSI0 AR[S(]

012~

(10)
Nivy1o



US 9,484,934 B1

Sheet 4 of 22

Nov. 1, 2016

U.S. Patent

d4¢ Dld
498y
1
oxsrdnmp
00z~
(S10)
1Mo Ara(] NS0 AB[S(]
NIy15
07z~ 012~

071




US 9,484,934 B1

Sheet 5 of 22

Nov. 1, 2016

U.S. Patent

D7 "OId
a0 Prae ,m
T 1 T |
I JF 1 AENa RNa N
| RN “IN N |
u T MM | eannan i Iy | M
W L Ly
m R e P
| el =E T T N B b d
i ol M
! P o
% O O 1 dbfaa Jplaa Jplaal
| | Wmmm ‘ad THd |
i b i
o o m

ol LT T 7 o

(1)
Nyro



US 9,484,934 B1

Sheet 6 of 22

Nov. 1, 2016

U.S. Patent

Ve DId

=DNLLLHS



U.S. Patent Nov. 1, 2016 Sheet 7 of 22
CLK 1y
§ i i mv
3
CLKpL BN ?
i it
CLKggr || | |
i
T —
Up
““““““““ A
FIG. 3B
CLK 1y
i i i -V
CLK j s | 3
Pt ! Ly,
CLEKREF E
Vi
UP
FIG. 3C
CLK N
CLK Vs
DL v,
CLK ppp T
mmmmmmmmmm Vl
UP
V2

US 9,484,934 B1



US 9,484,934 B1

Sheet 8 of 22

Nov. 1, 2016

U.S. Patent

Vv DI

Eabp o] BT
Py T ey . OB
| ™y rumn num < 0zy~
,..m. ssed Moyl 1 mamﬁeﬁw uony I ) uonoasp
i Y ﬁ,m,m\w ‘ aw Mw m mm @m‘mﬂ m &
m un
I 442 4 5 .
b e e o e e e e e e e e e s o M«WWW;;W Oty Ty Avro(g
YOy 01D
A
VOov

— NIy




US 9,484,934 B1

Sheet 9 of 22

Nov. 1, 2016

U.S. Patent

\\\
d00v

dvy DId
pES———— 1
| g |
! voneuiguo)) m
! !
I P !
| og|HtY | CER S o T
| | woeuII]
| INL | Hun < <
aw, %E m uonosIIp Ocy
| ssed Mo wmm oseng [
m 7 m 5 un
L e e mw m,ww iiiii - Oty 1Ay Ar[o(]
31724 ¥ QM‘W\

+— NIy




US 9,484,934 B1

Sheet 10 of 22

Nov. 1, 2016

U.S. Patent

£is

3 By

20

€15~

AT

— Sd Y

gl A 1}

115

dfl

divy



US 9,484,934 B1

Sheet 11 of 22

Nov. 1, 2016

U.S. Patent

0r9

V9 DI

099~( Y

059~ 1=0VTd )

SOK |

(Ca=lar)
I-ONILIAS

anjeA pourweep-axd v e
soatiie LA joaa] our 18 Suisq Ogny pudis|
TONBOIPUI 91} JO UOHRIND Y] ISYISyMm
POUITLIIS(]

0297 ol

=DNLLLAS

_Ua=tan)

< T+ONLLLAS=DNILLAS



US 9,484,934 B1

Sheet 12 of 22

Nov. 1, 2016

U.S. Patent

H9 DI
o 1
| M
N>aiiiiiiiiiiiiiiiiiiiiii,@a iiiiiiiiiiiiiiiiii o
T
M\V m m wﬁwD,
I 0 | OVIA
r/ N A
A | 040
A m d
! i
| m T Ay1H
: m ' ZLY
,MU | dfy




US 9,484,934 B1

Sheet 13 of 22

Nov. 1, 2016

U.S. Patent

VL DId

10

1un

JP207]

OLL”

jrun

enuec’

401

nun
uoL081ep
oSy

ovL”

0EL~

nun

AD0Tg4n

| It A

2:5°gie)

uoyRUIW]

0zL”

Ay

Jon

AelRQ

0147

Y00L

RS s ie)

10109]3S

NIy




US 9,484,934 B1

Sheet 14 of 22

Nov. 1, 2016

U.S. Patent

d. DId
Trumn
3007 $0T10
0LL”
S T 1D 1 | =
LOYRUI E.EMI.,@MW T mm,vww\w ........ T
pun S & 0Tl | €9L R T .
| 1onmop HoR029p | oospeg] L Ny
A} eseqg | 9L | .
7 o iy w ! | 1
OvL 0EL tdyol  AeRd 1@ Ay an
01,7 A1 mgxw 0L~
q09L-
€400L



US 9,484,934 B1

Sheet 15 of 22

Nov. 1, 2016

U.S. Patent

V8 DId

e al y1y=T8y10

T 10=193%10
S IA="90Tgn

0=ONILLAS| ON

P T Ty reusis yoop oy
JO o8pa Sursu oty spea] CUyo 1euds oo
. @wmw JO 53po Fuisu oy} BYIoYA wﬁwﬁmgﬁmﬁz

[+DNILIAS=ONLLIAS



US 9,484,934 B1

Sheet 16 of 22

Nov. 1, 2016

U.S. Patent

dn
¢y
Ay
HHyH
dyo
4910
S5 g

Ny



US 9,484,934 B1

Sheet 17 of 22

Nov. 1, 2016

U.S. Patent

J8 DId

CHy10

1o




US 9,484,934 B1

Sheet 18 of 22

Nov. 1, 2016

U.S. Patent

V6 DI
THN Y30
V_ HERARYT 555 1n
0L67
M”.m g
T Y10 |
Un NG Hun m
OhmeMw EO“&QE@@ ﬂaﬂcuu a M
I d | aseyg 0110908 M
0F6~ 0£6- pun Arjegq m
Wyl Iy Ayt
016~ V096~ 056

V006

- NIs1)




US 9,484,934 B1

Sheet 19 of 22

Nov. 1, 2016

6 "DId
UN ¥307]
AD201 dn
0L6~
!
T j <
o My ! Lo
— I ,ﬁ@&uuﬁ@ m Hun m M w NI
jonuod | gn o mﬂm | T uonospeg | | m?i A1D
_ m L
0F6- 0£6~ wun Aefoq He——dH m L<H
Wyl TR EIIOL
0167 Lo e ] 056~
H096~

U.S. Patent

H006



US 9,484,934 B1

Sheet 20 of 22

Nov. 1, 2016

U.S. Patent

VOl DId
é TA=dn
Uy1o="9910

=ty

on|

J0 28pe Surs oy spraj L y10) 1eusSis yoop

0=DNLLLES|

—~. S Jo afpo Suisu o1 10IeYM wﬁﬁgﬁmm..,. ™ -
0£01~ " {+DNILLAS=DNLLLAS

/=810 N\
\ =% s

0c01

A0y

0101



US 9,484,934 B1

Sheet 21 of 22

Nov. 1, 2016

U.S. Patent

d01 "DIA

Ay




U.S. Patent Nov. 1, 2016 Sheet 22 of 22 US 9,484,934 B1

FIG. 10C

o
k..................................

S —

CLK
CLK gy
UP



US 9,484,934 B1

1
DELAY LOCK LOOP

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of China Patent Appli-
cation No. 201510874709.9, filed on Dec. 2, 2015, the
entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an electronic circuit, and more
particularly to a delay lock loop.

2. Description of the Related Art

As technological developments have progressed, the
number of circuits integrated into a single integrated circuit
(IC) have increased. Each of circuits integrated into a single
IC operates according to a clock signal. However, the clock
signal is easily affected by the manufacturing process or
temperature. When the clock signal is shifted, the IC cannot
work normally.

BRIEF SUMMARY OF THE INVENTION

In accordance with an embodiment, a delay lock loop
comprises a delay unit, an elimination unit, a phase detection
unit, and a control unit. The delay unit comprises a delay
factor and delays a first clock signal to generate a second
clock signal according to the delay factor. The elimination
unit delays a third clock signal to generate a fourth clock
signal. The phase detection unit is coupled to the delay unit
and the elimination unit and generates an indication signal
according to a phase difference between the second and
fourth clock signals. The control unit is coupled to the phase
detection unit and the delay unit. The control unit controls
the delay unit according to the indication signal to adjust the
delay factor. When the delay factor is equal to an initial
value, an initial time difference occurs between the first and
second clock signals. A time difference between the third
and fourth clock signals is equal to the initial time differ-
ence.

The delay lock loop of the invention eliminates an initial
delay of the delay unit to provide a perfect delay purpose,
wherein the delay unit is not capable of eliminating the
initial delay. Compare to a conventional delay lock loop, the
elements utilized by the delay lock loop of the invention is
less than the elements utilized by the conventional delay
lock loop. Therefore, the usable space in the delay lock loop
of the invention is increased and the consumption of the
delay lock loop of the invention is reduced.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by referring
to the following detailed description and examples with
references made to the accompanying drawings, wherein:

FIGS. 1A~1B are schematic diagrams of exemplary
embodiments of a delay lock loop, according to various
aspects of the present disclosure;

FIG. 2A is a schematic diagram of an exemplary embodi-
ment of a delay unit, according to various aspects of the
present disclosure;
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2

FIG. 2B is a schematic diagram of another exemplary
embodiment of a delay unit, according to various aspects of
the present disclosure;

FIG. 2C is a schematic diagram of an exemplary embodi-
ment of an elimination unit, according to various aspects of
the present disclosure;

FIG. 3A is a state schematic diagram of an exemplary
embodiment of the delay lock loop shown in FIG. 1B,
according to various aspects of the present disclosure;

FIGS. 3B~3D are clock schematic diagrams of exemplary
embodiments of the delay lock loop shown in FIG. 1B,
according to various aspects of the present disclosure;

FIGS. 4A~4B are schematic diagrams of exemplary
embodiments of a delay lock loop, according to various
aspects of the present disclosure;

FIG. 5 is a schematic diagram of an exemplary embodi-
ment of an confirmation unit shown in FIG. 4B, according
to various aspects of the present disclosure;

FIG. 6A is a state schematic diagram of an exemplary
embodiment of the delay lock loop shown in FIG. 4A,
according to various aspects of the present disclosure;

FIG. 6B is a clock schematic diagram of exemplary
embodiments of the delay lock loop shown in FIG. 4A,
according to various aspects of the present disclosure;

FIGS. 7A~7B are schematic diagrams of exemplary
embodiments of a delay lock loop, according to various
aspects of the present disclosure;

FIG. 8A is a state schematic diagram of an exemplary
embodiment of the delay lock loop shown in FIG. 7A,
according to various aspects of the present disclosure;

FIGS. 8B~8D are clock schematic diagrams of exemplary
embodiments of the delay lock loop shown in FIG. 7A,
according to various aspects of the present disclosure;

FIGS. 9A-~9B are schematic diagrams of exemplary
embodiments of a delay lock loop, according to various
aspects of the present disclosure;

FIG. 10A is a state schematic diagram of an exemplary
embodiment of the delay lock loop shown in FIG. 9A,
according to various aspects of the present disclosure; and

FIGS. 10B~10C are clock schematic diagrams of exem-
plary embodiments of the delay lock loop shown in FIG. 9A,
according to various aspects of the present disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 1A is a schematic diagram of an exemplary embodi-
ment of a delay lock loop, according to various aspects of the
present disclosure. The delay lock loop 100A comprises a
delay unit 110, an elimination unit 120, a phase detection
unit 130 and a control unit 140. The delay unit 110 has a
delay factor and delays a first clock signal to generate a
second clock signal according to the delay factor. In this
embodiment, the delay unit 110 delays an input clock signal
CLK,, to generate a clock signal CLK,,,. The invention
does not limit the internal circuit structure of the delay unit
110. Any circuit can serve as a delay unit 110, as long as the
circuit is capable of comprising a programmable delay
property.

The time difference between the clock signal CLK,,, and
the input clock signal CLK,, is defined by the delay factor
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of the delay unit 110. For example, when the delay factor is
large, the time difference between the clock signal CLK,,,
and the input clock signal CLK,, is large. Conversely, when
the delay factor is small, the time difference between the
clock signal CLK,,; and the input clock signal CLK,, is
small. Theoretically, when the delay factor is a minimum
value, such as 0, the time difference between the clock signal
CLK,; and the input clock signal CLK,,, should be zero. In
fact, when the delay factor is the minimum value, such as 0,
an initial time difference (e.g. 200 picoseconds) occurs
between the clock signal CLK,; and the input clock signal
CLK /5

To eliminate the initial time difference caused by the delay
unit 110, the elimination unit 120 delays a third clock signal
to generate a fourth clock signal. In this embodiment, the
elimination unit 120 delays the input clock signal CLK,, to
generate the clock signal CLK,... The time difference
between the input clock signal CLK,, and the clock signal
CLK = 1s kept equal to the initial time difference. The
invention does not limit the internal circuit structure of the
elimination unit 120. Any circuit can serve as an elimination
unit 120, as long as the circuit is capable of providing a fixed
time difference between the input clock signal CLK,,, and
the clock signal CLK ;-

The phase detection unit 130 generates an indication
signal UP according to the phase difference between the
clock signals CLK,; and CLK;.- In one embodiment,
when the rising edge of the clock signal CLK,, leads the
rising edge of the clock signal CLK ., the indication signal
UP is at a first level, such as a high level. When the rising
edge of the clock signal CLK,,; follows the rising edge of
the clock signal CLK ., the indication signal UP is at a
second level, such as a low level. In other embodiments, the
phase detection unit 130 compares the falling edge of the
clock signal CLK,,, with the rising edge of the clock signal
CLKzz7 In some embodiments, the initial pre-determined
level indication signal UP is the first level.

The control unit 140 adjusts the delay factor of the delay
unit 110 according to the indication signal UP. For example,
when the indication signal UP is at the first level, the control
unit 140 increases the delay factor of the delay unit 110.
When the indication signal UP is at the second level, the
control unit 140 reduces the delay factor of the delay unit
110. In this embodiment, the control unit 140 is a low pass
filter (LPF) 141, but the disclosure is not limited thereto. In
other embodiments, any circuit can serve as a control unit
140, as long as the circuit is capable of according to an
indication signal to adjust the delay factor of the delay unit
110.

FIG. 1B is a schematic diagram of another exemplary
embodiment of the delay lock loop, according to various
aspects of the present disclosure. FIG. 1B is similar to FIG.
1A exception that the delay lock loop 100B further com-
prises a buffer unit 150. The buffer unit 150 comprises a
buffer 151 and an inverter 152. The buffer 151 processes the
input clock signal CLK,; to generate a buffer clock signal
CLK,. The delay unit 110 delays the buffer clock signal
CLK, to generate the clock signal CLK,;. In one embodi-
ment, the buffer clock signal CLK, is referred to as a
non-inverted clock signal. Furthermore, the inverter 152
inverts the input clock signal CLK,,, to generate a buffer
clock signal CLK,. The elimination unit 120 delays the
buffer clock signal CLK, to generate the clock signal
CLK 7 In one embodiment, the buffer clock signal CLK,
is referred to as a inverted clock signal.

In this embodiment, when the rising edge of the clock
signal CLK,,; leads the falling edge of the clock signal
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CLK gz, the indication signal UP is at the first level.
Therefore, the control unit 140 increases the delay factor of
the delay unit 110. When the rising edge of the clock signal
CLK,; follows the falling edge of the clock signal CLK -,
the indication signal UP is at the second level. Therefore, the
control unit 140 reduces the delay factor of the delay unit
110.

In another embodiment, when the delay lock loop 100A
or 100B shown in FIG. 1A or FIG. 1B is initiated, the delay
factor is reset to a minimum value, such as 0. At this time,
if the phase detection unit 130 determines that the rising
edge of the clock signal CLK,,, leads the rising edge of the
clock signal CLK 5, it means that the delay time by which
the delay unit 110 delays the input clock signal CLK,,; (or
CLK,)) is shorter than the delay time by which the elimina-
tion unit 120 delays the input clock signal CLK,; (or CLK,).
Therefore, the delay factor of the delay unit 110 should be
increased such that the delay time by which the delay unit
110 delays the input clock signal CLK,, (or CLK,) is equal
to the delay time by which the elimination unit 120 delays
the input clock signal CLK,,, (or CLK,). The initial delay of
the delay unit 110 can be eliminated. At this time, the
indication signal UP generated by the phase detection unit
130 is at a first level, such as 1. The control unit 130
increases the delay factor of the delay unit 110 to increase
the delay time by which the delay unit 110 delays the input
clock signal CLK,, (or CLK, ) until the phase detection unit
130 determines that the rising edge of the clock signal
CLK,,; synchronizes the rising edge of the clock signal
CLK 57 When the rising edge of the clock signal CLK,,,
synchronizes the rising edge of the clock signal CLK ; , the
indication signal UP is at a second level, such as 0. There-
fore, the delay time by which the delay unit 110 delays the
input clock signal CLK,,, (or CLK,) is equal to the delay
time by which the elimination unit 120 delays the input
clock signal CLK,, (or CLK,) such that the initial delay of
the delay unit 110 is eliminated and the initialization of the
delay lock loop 100A or 100B is finished. In another
embodiment, when the delay lock loop 100A or 100B is
initiated, the delay factor of the delay unit 110 is reset to a
minimum value, such as 0. If the phase detection unit 130
determines that the rising edge of the clock signal CLK,,,
follows the rising edge of the clock signal CLK -, it means
that the delay time by which the delay unit 110 delays the
input clock signal CLK,, (or CLK,) is longer than the delay
time by which the elimination unit 120 delays the input
clock signal CLK,, (or CLK,). Therefore, the delay factor of
the delay unit 110 should be reduced such that the delay time
by which the delay unit 110 delays the input clock signal
CLK,y (or CLK)) is equal to the delay time by which the
elimination unit 120 delays the input clock signal CLK,, (or
CLK,) to eliminate the initial delay of the delay unit 110.
However, since the delay factor of the delay unit 110 is a
minimum value which cannot be reduced, the delay factor of
the delay unit 110 is increased such that the rising edge of
the clock signal CLK,; synchronizes the rising edge of the
clock signal CLK;.- in the next cycle. Therefore, the
indication signal UP generated by the phase detection unit
130 is still at the first level, such as 1. The control unit 140
increases the delay factor of the delay unit 110 according to
the indication signal UP. The delay time by which the delay
unit 110 delays the input clock signal CLK,, (or CLK,) is
increased until the phase detection unit 130 determines that
the rising edge of the clock signal CLK,; synchronizes the
rising edge of the clock signal CLK... When the rising
edge of the clock signal CLK,; synchronizes the rising edge
of the clock signal CLKy,, the indication signal UP is
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changed to the second level, such as 0. At this time, the delay
time by which the delay unit 110 delays the input clock
signal CLK,, (or CLK,) is equal to the delay time by which
the elimination unit 120 delays the input clock signal CLK
(or CLK,) to eliminate the initial delay of the delay unit 110.
The initialization of the delay lock loop 100A or 100B is
finished. In other words, even if the rising edge of the clock
signal CLK,,; follows or leads the rising edge of the clock
signal CLK ;. the phase detection unit 130 generates the
indication signal UP with the first level, such as 1. Therefore,
the delay unit 110 continually delays the clock signal CLK,
until the rising edge of the clock signal CLK,; synchronizes
the rising edge of the clock signal CLK ;.. At this time, the
phase detection unit 130 changes the indication signal UP
from the first level to the second level, such as 0.

FIG. 2A is a schematic diagram of an exemplary embodi-
ment of a delay unit, according to various aspects of the
present disclosure. The delay unit 110 comprises delay
circuits 210~270 and a multiplexer 200. The delay circuits
210~210 are connected in series with one another. Each
delay circuit delays the output of the previous delay circuit
to generate a delayed signal to the next delay circuit. In this
embodiment, the first delay circuit 210 delays the input
clock signal CLK,,, shown in FIG. 1A or the clock signal
CLK, shown in FIG. 1B and provides a delayed signal to the
delay circuit 220.

The invention does not limit the internal circuit structure
of each of the delay circuits 210~2#0. In one embodiment,
each of the delay circuits 210~2#0 is the same as the delay
circuit 210 shown in FIG. 2C. In this embodiment, the
multiplexer 200 selects and outputs the corresponding
delayed signal according to the delay factor. The output
signal of the multiplexer 200 serves as the clock signal
CLK;. For example, when the delay factor is a minimum
value (e.g. 0), the multiplexer 200 selects the delayed signal
generated by the delay circuit 210. When the delay factor is
a maximum value, the multiplexer 200 selects the delayed
signal generated by the delay circuit 270.

FIG. 2B is a schematic diagram of an exemplary embodi-
ment of an elimination unit, according to various aspects of
the present disclosure. The elimination unit 120 comprises
delay circuits 210 and 220 and a multiplexer 200. In one
embodiment, the internal structure of each of the delay
circuits 210 and 220 shown in FIG. 2B is the same as the
delay circuit 210 shown in FIG. 2C. The structure of the
multiplexer 200 shown in FIG. 2B is the same as the
structure of the multiplexer 200 shown in FIG. 2A. The
delay circuit 210 delays the input clock signal CLK,,, shown
in FIG. 1A or the clock signal CLK, shown in FIG. 1B and
provides the delayed signal to the multiplexer 200. The
delay circuit 220 outputs the clock signal CLK ;5. In FIGS.
2A and 2B, the structure of the elimination unit 120 is the
same as the delay unit 110 whose delay factor is a minimum
value. In other words, only the delay circuit 210 delays the
signal and the multiplexer 200 outputs the delayed signal. In
this embodiment, the delay circuit 220 is connected to the
delay circuit 210 in series. The delay circuit 220 and the
multiplexer 200 serve as the load of the delay circuit 210 to
measure that the delay time by which the delay circuit 210
shown in FIG. 2B delays the input clock signal CLK,,, (or
CLK,) is equal to the delay time by which the delay circuit
210 shown in FIG. 2A delays the input clock signal CLK,,
(or CLK)).

FIG. 2C is a schematic diagram of an exemplary embodi-
ment of a delay circuit, according to various aspects of the
present disclosure. The delay unit 110 comprises a plurality
of delay circuits 210. The delay circuits are connected in
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6

series with one another. For clarity, a single delay circuit 210
is shown in FIG. 2C. The delay circuit 210 comprises delay
cells DL ,~DL,, but the disclosure is not limited thereto. In
some embodiments, the delay circuit 210 may comprise any
suitable number of delay cells. Since the operations of the
delay cells DL, and DL, are the same, the delay cell DL, is
provided as an example.

The delay cell DL, comprises a P-type transistor P,, a
N-type transistor N, a plurality of pull-high transistors and
a plurality of pull-low transistors. For clarity, FIG. 2C only
shows the pull-high transistors PH,~PH; and the pull-low
transistors NL, ~NL;. The pull-high transistors PH,~PH; are
connected in parallel with one another. The drains of the
pull-high transistors PH,~PH; are coupled to the source of
the P-type transistor P,. The sources of the pull-high tran-
sistors PH,~PH; are coupled to a voltage source PW. The
gates of the pull-high transistors PH;~PH; receive control
signals DP,~DP;, respectively. In this embodiment, the
control signals DP,~DP; are related to the delay factor of the
delay unit 110. In one embodiment, the delay circuit 210
further comprises an encoder (not shown). The encoder
generates the control signals DP,~DP; according to a delay
factor to turn on or turn off the pull-high transistors
PH,~PH;. When the delay factor is a minimum value (e.g.
0), the pull-high transistors PH,~PH; are turned on. When
the delay factor is a maximum value, one of the pull-high
transistors PH,~PH; is turned and the others are turned off.

The pull-low transistors NL,~NL; are connected in par-
allel with one another. The drains of the pull-low transistors
NL,~NL,; are coupled to the source of the N-type transistor
N, . The sources of the pull-low transistors NL,~NL; receive
ground voltage GND. The gates of the pull-low transistors
NL,~NL, receives control signals DN, ~DNj, respectively.
In this embodiment, the control signals DN, ~DNj are oppo-
site to the control signals DP,~DP,. Therefore, the number
of turned-on pull-high transistors is equal to the number of
turned-on pull-low transistors. For example, when the con-
trol signals DP,~DP; are 001, the control signals DN,~DNj
are 110. At this time, the pull-high transistors PH,~PH, and
the pull-low transistors NL,~NL, are turned on. In this
embodiment, the delay cells DL, and DL, are inverters to
delay the input clock signal CLK,; shown in FIG. 1A or the
clock signal CLK, shown in FIG. 1B. The control signals
DN, ~DNj; and DP,~DP; are utilized to adjust the delay time
by which the delay circuit 210 delays the input clock signal
CLK, shown in FIG. 1A or the clock signal CLK, shown in
FIG. 1B.

In this embodiment, the P-type transistor P, is connected
to the N-type transistor N in series to constitute an inverter
INV,. The input of the inverter INV, can receive the input
clock signal CLK;,, shown in FIG. 1A or the clock signal
CLK, shown in FIG. 1B. In this embodiment, the P-type
transistor P, and the N-type transistor N, of the delay circuit
DL, constitute another inverter INV,. The input of the
inverter INV, is coupled to the output of the inverter INV,.
The output of the inverter INV, outputs the clock signal
CLK,;-

In this embodiment, when the level of the input clock
signal CLK,, shown in FIG. 1A or the clock signal CLK,
shown in FIG. 1B is 0, the P-type transistor P, is turned on
and the N-type transistor N, is turned off. The pull-high
transistors PH;~PH; are turned on or off according to the
control signals DP,~DP,. The number of turned-on pull-
high transistors define the time point at which the P-type
transistor P, outputs a high level. When the level of the input
clock signal CLK;,, shown in FIG. 1A or the clock signal
CLK, shown in FIG. 1B is 1, the P-type transistor P, is
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turned off and the N-type transistor N, is turned on. The
pull-low transistors NL ,~NL; are turned on or off according
to the control signals DN;~DN;. The number of turned-on
pull-low transistors define the time point at which the N-type
transistor N, outputs a low level. When the delay factor of
the delay unit 110 is equal to 0, the control signals DP,~DP,
are 000 and the control signals DN;~DN, are 111.

FIG. 3A is a state schematic diagram of an exemplary
embodiment of the delay lock loop 100B shown in FIG. 1B,
according to various aspects of the present disclosure. First,
in state 310, the delay lock loop 100B is initiated. The delay
factor SETTING of the delay unit 110 is reset to an initial
value. In one embodiment, the level of the indication signal
UP s a pre-determined level, such as a level V. In state 320,
the phase detection unit 130 samples the clock signal
CLK,,; according to the clock signal CLK; .. In one
embodiment, the phase detection unit 130 determines the
level of the clock signal CLK,;.

When the rising edge of the clock signal CLK . corre-
sponds to a level of the clock signal CLK,,; and the level of
the clock signal CLK,,; is a level V,, the level of the
indication signal UP is set to a level V,. Therefore, the
control unit 140 reduces the delay factor SETTING of the
delay unit 110 and state 320 is entered. When the rising edge
of the clock signal CLK, . corresponds to a level of the
clock signal CLK,,; and the level of the clock signal CLK
is a level V;, the level of the indication signal UP is
maintained at the level V,. Therefore, the control unit 140
increases the delay factor SETTING of the delay unit 110.
The delay unit 110 delays the clock signal CLK,,; according
to the increased delay factor SETTING and state 320 is
entered.

In another embodiment, when the delay lock loop 100A
or 100B shown in FIG. 1A or FIG. 1B is initiated, the delay
factor is reset to a minimum value, such as 0. At this time,
if the phase detection unit 130 determines that the rising
edge of the clock signal CLK,,; leads the rising edge of the
clock signal CLK 5, it means that the delay time by which
the delay unit 110 delays the input clock signal CLK,, (or
CLK,) is shorter than the delay time by which the elimina-
tion unit 120 delays the input clock signal CLK,,, (or CLK,).
Therefore, the delay factor of the delay unit 110 should be
increased such that the delay time by which the delay unit
110 delays the input clock signal CLK,, (or CLK,) is equal
to the delay time by which the elimination unit 120 delays
the input clock signal CLK,,, (or CLK,) to eliminate the
initial delay of the delay unit 110. At this time, the indication
signal UP generated by the phase detection unit 130 is at a
first level, such as 1. The control unit 130 increases the delay
factor of the delay unit 110 according to the indication signal
UP. Therefore, the delay time by which the delay unit 110
delays the input clock signal CLK,, (or CLK,) is increased
until the phase detection unit 130 determines that the rising
edge of the clock signal CLK,; synchronizes the rising edge
of the clock signal CLK .. When the rising edge of the
clock signal CLK,,, synchronizes the rising edge of the
clock signal CLK ., the indication signal UP is at a second
level, such as 0. Therefore, the delay time by which the delay
unit 110 delays the input clock signal CLK,, (or CLK,) is
equal to the delay time by which the elimination unit 120
delays the input clock signal CLK,,, (or CLK,) such that the
initial delay of the delay unit 110 is eliminated and the
initialization of the delay lock loop 100A or 100B is fin-
ished. In another embodiment, when the delay lock loop
100A or 100B is initiated, the delay factor of the delay unit
110 is reset to a minimum value, such as 0. If the phase
detection unit 130 determines that the rising edge of the
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clock signal CLK,,, follows the rising edge of the clock
signal CLK ., it means that the delay time by which the
delay unit 110 delays the input clock signal CLK,, (or
CLK,)) is longer than the delay time by which the elimina-
tion unit 120 delays the input clock signal CLK,,, (or CLK,).
Therefore, the delay factor of the delay unit 110 should be
reduced such that the delay time by which the delay unit 110
delays the input clock signal CLK,, (or CLK,) is equal to
the delay time by which the elimination unit 120 delays the
input clock signal CLK,, (or CLK,) to eliminate the initial
delay of the delay unit 110. However, since the delay factor
of the delay unit 110 is a minimum value which cannot be
reduced, the delay factor of the delay unit 110 is increased
such that the rising edge of the clock signal CLK,,; syn-
chronizes the rising edge of the clock signal CLK . in the
next cycle. Therefore, the indication signal UP generated by
the phase detection unit 130 is still at the first level, such as
1. The control unit 140 increases the delay factor of the delay
unit 110 according to the indication signal UP. The delay
time by which the delay unit 110 delays the input clock
signal CLK,,, (or CLK,) is increased until the phase detec-
tion unit 130 determines that the rising edge of the clock
signal CLK,,; synchronizes the rising edge of the clock
signal CLK ;- When the rising edge of the clock signal
CLK,,; synchronizes the rising edge of the clock signal
CLK gz, the indication signal UP is changed to the second
level, such as 0. At this time, the delay time by which the
delay unit 110 delays the input clock signal CLK,, (or
CLK,)) is equal to the delay time by which the elimination
unit 120 delays the input clock signal CLK,,; (or CLK,) to
eliminate the initial delay of the delay unit 110. The initial-
ization of the delay lock loop 100A or 100B is finished. In
other words, even if the rising edge of the clock signal
CLK,,; follows or leads the rising edge of the clock signal
CLK gz the phase detection unit 130 generates the indica-
tion signal UP with the first level, such as 1. Therefore, the
delay unit 110 continually delays the clock signal CLK, until
the rising edge of the clock signal CLK,; synchronizes the
rising edge of the clock signal CLK . At this time, the
phase detection unit 130 changes the indication signal UP
from the first level to the second level, such as 0.

FIGS. 3B~3D are clock schematic diagrams of exemplary
embodiments of the delay lock loop of FIG. 1B, according
to various aspects of the present disclosure. In FIG. 3B,
assuming that the first falling edge of the clock signal
CLK,,; is aligned with the rising edge of the clock signal
CLK 57 At this time, the indication signal UP is at an initial
level, such as the level V. Therefore, the control unit 140
increases the delay factor SETTING so that the falling edge
of the clock signal CLK,,, follows the rising edge of the
clock signal CLK gz, as shown in FIG. 3C.

In FIG. 3C, since the rising edge of the clock signal
CLK 7 is aligned with a level of the clock signal CLK,,,
and the level is the level V;, the indication signal UP is
maintained at level V,. Therefore, the control unit 140 still
increases the delay factor SETTING. In FIG. 3D, since the
rising edge of the clock signal CLK. is aligned with a
level of the clock signal CLK,; and the level is the level V,,,
the indication signal UP is changed to level V,. Therefore,
the control unit 140 reduces the delay factor SETTING until
the rising edge of the clock signal CLK,,; is aligned with the
rising edge of the clock signal CLK .

FIG. 4 is a schematic diagram of another exemplary
embodiment of the delay lock loop, according to various
aspects of the present disclosure. FIG. 4A is similar to FIG.
1B exception that the control unit 440A shown in FIG. 4A
detects the duration during which the indication signal UP,
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is at the level V,. When the duration during which the
indication signal UP, is at the level V, does not arrive at a
pre-determined value, even if the indication signal UP,, is at
the level V,, the control unit 440 still increases the delay
factor. However, when the duration during which the indi-
cation signal UP, is at the level V, arrives at the pre-
determined value, the control unit 440A adjusts the delay
factor according to the level of the indication signal UP,,.

In one embodiment, the delay unit 410, the elimination
unit 420, the phase detection unit 430 and the buffer unit 450
shown in FIG. 4A are the same as the delay unit 110, the
elimination unit 120, the phase detection unit 130 and the
buffer unit 150 shown in FIG. 1B respectively, so descrip-
tions of the delay unit 410, the elimination unit 420, the
phase detection unit 430 and the buffer unit 450 shown in
FIG. 4A are omitted. In this embodiment, the control unit
440A comprises a confirmation unit 441A and a low pass
filter 442A.

The confirmation unit 441A is coupled between the phase
detection unit 430 and the low pass filter 442A to determine
whether the duration during which the indication signal UP,,
is at the level V, arrives at a pre-determined value and
generate a control signal UP, according to the determined
result. For example, when the duration during which the
indication signal UP,, is at the level V, does not arrive at the
pre-determined value, the confirmation unit 441A directs the
control signal UP, to the level V,. When the duration during
which the indication signal UP,, is at the level V, arrives at
the pre-determined value, the confirmation unit 441A uses
the indication signal UP, as the control signal UP;.

The low pass filter 442A adjusts the delay factor of the
delay unit 410 according to the control signal UP,. For
example, when the control signal UP, is at the level V, the
low pass filter 442A increases the delay factor of the delay
unit 410. When the control signal UP, is at the level V,, the
low pass filter 442A reduces the delay factor of the delay
unit 410.

FIG. 4B is a schematic diagram of another exemplary
embodiment of the delay lock loop, according to various
aspects of the present disclosure. FIG. 4B is similar to FIG.
4A exception that the low pass filter 442B is coupled
between the phase detection unit 430 and the delay unit 410.
In this embodiment, the delay unit 410, the elimination unit
420, the phase detection unit 430 and the buffer unit 450
shown in FIG. 4B are the same as the delay unit 110, the
elimination unit 120, the phase detection unit 130 and the
buffer unit 150 shown in FIG. 1B respectively, so descrip-
tions of the delay unit 410, the elimination unit 420, the
phase detection unit 430 and the buffer unit 450 shown in
FIG. 4B are omitted.

In this embodiment, the confirmation unit 441B deter-
mines whether the duration during which the indication
signal UP is at the level V| arrives at a pre-determined value
and generates a control signal S according to the deter-
mined result. The low pass filter 442B adjusts the delay
factor of the delay unit 410 according to the control signal
Sc and the indication signal UP. For example, when the
duration during which the indication signal UP is at the level
V, does not arrive at the pre-determined value, no matter
whether the indication signal UP is at the level V, or V,, the
low pass filter 442B increases the delay factor of the delay
unit 410. When the duration during which the indication
signal UP is at the level V, arrives at the pre-determined
value, the low pass filter 442B adjusts the delay factor of the
delay unit 410 according to the level of the indication signal
UP.
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For the delay lock loop 400A shown in FIG. 4A, when the
delay lock loop 400A begins to be initiated, since the delay
lock loop 400A just receive power, the phase detection unit
430 may provide an indication signal UP, with an inaccurate
level. To avoid the indication signal UP with the inaccurate
level causing the adjustment of the delay factor, the confir-
mation unit 441A is utilized to determine the duration during
which the indication signal UP,, is at a specific level. If the
duration during which the indication signal UP, is at the
specific level arrives at a pre-determined value, it means the
indication signal UP, is correct. Therefore, the indication
signal UP, is utilized to adjust the delay factor. In other
words, the control signal UP, is directed to equal to the
indication signal UP,. If the duration during which the
indication signal UP,, is at the specific level does not arrive
at the pre-determined value, it means that the indication
signal UP is inaccurate. At this time, the control signal UP,
is directed to 1 to increase the delay factor of the delay unit
410 and then the phase detection unit 430 continually detects
the clock signals CLK,,, and CLK,;- until the duration
during which the indication signal UP,, is at the specific level
arrives at the pre-determined value. Then, the indication
signal UP,, is utilized to adjust the delay factor of the delay
unit 110. In FIG. 4B, the confirmation unit 441B is utilized
to determine whether the duration during which the indica-
tion signal UP,, is at the specific level.

FIG. 5 is a schematic diagram of an exemplary embodi-
ment of the confirmation unit 441B shown in FIG. 4B,
according to various aspects of the present disclosure. As
shown in FIG. 5, the confirmation unit 441B comprises
D-type flip-flops 511~514 and logic gates 521~523, but the
disclosure is not limited thereto. In other embodiments, any
circuit can serve as a confirmation unit 441B, as long as the
circuit is capable of determining the duration during which
the indication signal UP is at the level V. In addition, the
confirmation unit 441B may comprise any number of D-type
flip-flops in some embodiments.

In this embodiment, the D-type flip-flops 511~514 are
connected in series with one another. The input terminal D
of each of the D-type flip-flops 511~514 receives the output
of the previous D-type flip-flop, wherein the input terminal
D of the first D-type flip-flop receives the indication signal
UP. The set terminal S of each of the D-type flip-flops
511~514 is coupled to the output of the logic gate 523. The
clock terminal CK of each of the D-type flip-flops 511~514
receives a clock signal CLK. The reset terminal R of each of
the D-type flip-flops 511~514 receives a reset signal RES.

The logic gate 521 is an inverter to invert the indication
signal UP and provides the inverted indication signal to the
logic gate 522. The logic gate 522 is a NAND gate. The logic
gate 523 is an AND gate and receives the output signals of
the D-type flip-flops 511~514.

When the duration of the indication signal UP being at the
level V, does not arrive at a pre-determined value, one of the
output signals of the D-type flip-flops 511~514 is at a low
level. Therefore, the logic gate 523 outputs the low level so
that the control signal S is at a high level. At this time, the
low pass filter 442B increases the delay factor of the delay
unit 410. However, when the duration of the indication
signal UP being at the level V, arrives at the pre-determined
value, the output signals of the D-type flip-flops 511~514 are
at the high level. Therefore, the logic gate 523 outputs the
high level. At this time, the level of the control signal Sc is
the same as the level of the indication signal UP. When the
indication signal UP is at the level V, the control signal S
is also at the level V,. Therefore, the low pass filter 442B
increases the delay factor of the delay unit 410. When the
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indication signal UP is at the level V,, the control signal S~
is also at the level V,. Therefore, the low pass filter 442B
reduces or stops adjust the delay factor of the delay unit 410.
Furthermore, when the output of the D-type flip-flops
511~514 are at the high level, the logic gate 523 de-activates
the D-type flip-flops 511~514 to stop determining the dura-
tion of the indication signal UP being at the level V.

FIG. 6A is a state schematic diagram of an exemplary
embodiment of the delay lock loop 400A shown in FIG. 4A,
according to various aspects of the present disclosure. First,
in state 610, the delay factor SETTING of the delay unit 410
is reset to an initial value, such as 0. At this time, the control
signal UP, is an initial level, such as the level V,. In state
620, it is determined whether the duration of the indication
signal UP, being at the level V, arrives at a pre-determined
value. If the duration of the indication signal UP, being at
the level V| does not arrive at the pre-determined value, the
value FLAG of a flag of the confirmation unit 441A is set to
0 in state 630. In state 640, the control signal UP, is set to
the level V. Therefore, the low pass filter 442A increases
the delay factor SETTING of the delay unit 410 and state
620 is entered.

When the duration of the indication signal UP, being at
the level V| arrives at the pre-determined value, the value
FLAG of a flag of the confirmation unit 441A is set to 1 in
state 650. In state 660, the control signal UP, is equal to the
indication signal UP,,. At this time, when the control signal
UP, is at the level V,, the low pass filter 442A increases the
delay factor SETTING of the delay unit 410. When the
control signal UP, is at the level V,, the low pass filter 442A
reduces the delay factor SETTING of the delay unit 410.

FIG. 6B is a clock schematic diagram of an exemplary
embodiment of the delay lock loop 400A of FIG. 4A,
according to various aspects of the present disclosure. Since
the rising edge 672 of the clock signal CLK,,, leads the
rising edge 671 of the clock signal CLK, the indication
signal UP,, is at the level V. At this time, since the duration
of the indication signal UP, being at the level V, does not
arrive at a pre-determined value, the value FLAG of the flag
is set to 0 at the time point t1. Therefore, the control signal
UP, is at the level V,. The low pass filter 442A increases the
delay factor SETTING of the delay unit 410. At the time
point t2, the duration of the indication signal UP, being at
the level V| arrives at the pre-determined value, the value
FLAG of the flag is set to 1. At this time, the control signal
UP, is equal to the indication signal UP,,.

FIGS. 7A and 7B are schematic diagram of exemplary
embodiments of the delay lock loop, according to various
aspects of the present disclosure. FIG. 7A is similar to FIG.
1B except that the delay lock loop 700A further comprises
a selection unit 760A and a lock unit 770. Since the delay
unit 710, the elimination unit 720, the phase detection unit
730, the control unit 740 and the buffer unit 750 shown in
FIG. 7A are the same as the delay unit 110, the elimination
unit 120, the phase detection unit 130, the control unit 140
and the buffer unit 150 shown in FIG. 1B respectively, the
descriptions of the delay unit 710, the elimination unit 720,
the phase detection unit 730, the control unit 740 and the
buffer unit 750 shown in FIG. 7A are omitted.

Compared to delay lock loop 100B, a maximum delay
time by which the delay lock loop 700A or 700B delays the
input clock signal CLK,,, is double a maximum delay time
by which the delay lock loop 100B delays the input clock
signal CLK,,. The delay lock loop 700A or 700B only
utilizes one delay unit to achieve a delay result achieved by
two delay unit of the conventional delay lock loop. Each of
the delay lock loops 700A and 700B utilizes a selection unit
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and a lock unit to replace a delay unit which has a complex
circuit design and takes up a lot of space. The selection unit
and the lock unit has a simple circuit design and do not take
up a lot of space. Therefore, the delay lock loops 700A and
700B are better than the conventional delay lock loop. As
shown in FIG. 7A, the selection unit 760A receives the
buffer clock signals CLK,, and CLK; and generates the
clock signal CLK,,, and CLKj, according to a lock signal
UP; ocx- In one embodiment, when the lock signal UP; oz
is in a first state, the selection unit 760 A uses the buffer clock
signal CLK, as the clock signal CLK,, and uses the buffer
clock signal CLK as the clock signal CLK,. However,
when the lock signal UP;,r is in a second state, the
selection unit 760A uses the buffer clock signal CLK as the
clock signal CLK,, and uses the buffer clock signal CLK,,
as the clock signal CLK,. In this embodiment, the selection
unit 760A is a selector 761A, such as a multiplexer.

The lock unit 770 generates the lock signal UP, -z
according to the indication signal UP. In one embodiment,
when the initiation processes of the delay lock loops 700A
and 700B are started, if the indication signal UP is first
changed from 0 to 1, the indication signal UP is at the level
V,, the lock signal UP, ,.x is in the first state, which may
be maintained at the level V. Therefore, the lock signal
UP; ocx 15 locked at 1. Then, the lock signal UP, ,x is
locked in the first state no matter what the detection result of
the phase detection unit 730 is. However, when the indica-
tion signal UP is at the level V,, the lock signal UP; o is
in the second state, which may be the level V.

In one embodiment, the initial value of the lock signal
UP; ocx 18 the first state. Therefore, the selection unit 760A
first uses the buffer clock signal CLK, as the clock signal
CLK,,. The control unit 710 adjusts the delay factor of the
delay unit 710 according to the indication signal UP. When
the time difference between the clock signals CLK,,, and
CLKj, is approximately equal to the time of a half of the
duty cycle of the clock signal CLK,, the lock unit 770 sets
the lock signal UP, . to the second state. The selection
unit 760A uses the buffer clock signal CLK as the clock
signal CLK,,. The control unit 710 continuously adjusts the
delay factor of the delay unit 710 according to the indication
signal UP. At this time, when the delay factor of the delay
unit 710 is a maximum value, the time difference between
the clock signals CLK,, and CLK, is equal to the time of
a duty cycle of the clock signal CLK,.

Compared to FIG. 1B, when the delay factor of the delay
unit 110 is a maximum value, the time difference between
the clock signals CLK,, and CLK.- is approximately
equal to the time of a half of the duty cycle of the clock
signal CLK ;.. In FIG. 7A, although the internal structure
of the delay unit 710 is the same as the internal structure of
the delay unit 110, since the time difference between the
clock signals CLK,, and CLK, is approximately equal to
the time of a duty cycle of the clock signal CLK,, a
maximum delay time provided by the delay lock loop 700A
is a double of the maximum delay time provided by the
delay lock loop 100B.

In FIG. 7B, the selection unit 760B comprises a selector
761B, a buffer 762 and an inverter 763. The selector 761B
outputs the buffer clock signal CLK, or CLK according to
the lock signal UP; ;- In one embodiment, when the lock
signal UP, . is in the first state, the selector 761 outputs
the buffer clock signal CLK,,, and when the lock signal
UP; ocx 1s in the second state, the selector 761 outputs the
buffer clock signal CLK. The buffer 762 processes the
output signal of the selector 761B to generate the clock
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signal CLK,;. The inverter 763 inverts the output signal of
the selector 761B to generate the clock signal CLK,.

FIG. 8A is a state schematic diagram of an exemplary
embodiment of the delay lock loop shown in FIG. 7A,
according to various aspects of the present disclosure. First,
in state 810, the delay factor SETTING of the delay unit 710
is reset to an initial value, such as 0. At this time, the lock
signal UP, ,x is in an initial state, such as the level V.
Therefore, in state 820, the selector 761A uses the buffer
clock signal CLK, as the clock signal CLK ,,; and uses the
buffer clock signal CLK; as the clock signal CLK, . In state
830, the phase detection unit 730 determines whether the
rising edge of the clock signal CLK,, leads the rising edge
of the clock signal CLK,. If the rising edge of the clock
signal CLK,,, leads the rising edge of the clock signal
CLK,, the delay factor SETTING is increased and state
830 is entered. If the rising edge of the clock signal CLK,,,
does not lead the rising edge of the clock signal CLK,, the
state of lock signal UP; ,x follows the indication signal UP,
such as from the level V, to the level V,. At this time, the
selector 761 A uses the buffer clock signal CLK; as the clock
signal CLK,,; and uses the buffer clock signal CLK, as the
clock signal CLK . Then, the delay factor SETTING of the
delay unit 710 is reset to 0 and state 830 is entered. At this
time, the delay unit 710 still delays the clock signal CLK,,,
until the rising edge of the clock signal CLK,, is aligned
with the rising edge of the clock signal CLK, in the next
cycle. Therefore, if the selection unit 760A is omitted from
the delay lock loop 700A, the delay lock loop 700A does not
process the clock signal CLK,,; when the rising edge of the
clock signal CLK,,, is aligned with the rising edge of the
clock signal CLKz,. However, if the selection unit 760A is
added into the delay lock loop 700A, when the rising edge
of the clock signal CLK,,, is aligned with the rising edge of
the clock signal CLK, again, the delay lock loop 700A
stops delaying the clock signal CLK,,. Therefore, the
maximum delay time by which delay lock loop 700A delays
the input clock signal CLK,,, is double the maximum delay
time by which delay lock loop 100B delays the input clock
signal CLK ..

FIGS. 8B-8D are clock schematic diagrams of exemplary
embodiments of the delay lock loop of FIG. 7A, according
to various aspects of the present disclosure. In FIG. 8B,
assuming that the first falling edge of the clock signal
CLK,,, is aligned with the rising edge of the clock signal
CLK,. At this time, the indication signal UP is an initial
level, such as V. Therefore, the control unit 710 increases
the delay factor of the delay unit 710. As shown in FIG. 8C,
the falling edge of the clock signal CLK,,, follows the rising
edge of the clock signal CLK,.

When the rising edge of the clock signal CLK ,, is aligned
with the rising edge of the clock signal CLK,, the indica-
tion signal UP is changed from the level V, to the level V,.
At this time, the delay factor SETTING of the delay unit 710
is reset to 0 and the phase detection unit 730 again detects
the phase difference between the clock signals CLK,,, and
CLK,,.

FIGS. 9A-9B are schematic diagrams of exemplary
embodiments of a delay lock loop, according to various
aspects of the present disclosure. FIG. 9A is similar to FIG.
7A exception that the delay lock loop 900A does not
comprise an elimination unit. In this case, the phase detec-
tion unit 930 detects the phase difference between the clock
signals CLK,,, and CLK,. For example, when the rising
edge of the clock signal CLK, leads the falling edge of the
clock signal CLK,,,, the indication signal UP is at a first
level. At this time, the lock signal UP; , .« is in a first state,
which may represent the level of the lock signal UP, , . is
fixed at the level V. Therefore, the selection unit 960A uses
the clock signal CLK,, as the clock signal CLK,,; and uses
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the clock signal CLK as the clock signal CLKz,. When the
rising edge of the clock signal CLK, is aligned with the
rising edge of the clock signal CLK,,,, the indication signal
UP is at a second level. At this time, the lock signal UP; 5z
is in a second state, which may represent the level of the lock
signal UP; - 1s fixed at the level V,. Therefore, the
selection unit 960A uses the clock signal CLK; as the clock
signal CLK,; and uses the clock signal CLK,, as the clock
signal CLK,. In one embodiment, when the rising edge of
the clock signal CLK, is aligned with the rising edge of the
clock signal CLK,,,, the delay factor of the delay unit 910
is reset to an initial value.

Since the delay unit 910, the phase detection unit 930, the
control unit 940 and the buffer unit 950 shown in FIG. 9A
are the same as the delay unit 110, the phase detection unit
130, the control unit 140 and the buffer unit 150 shown in
FIG. 1B respectively, the descriptions of delay unit 910, the
phase detection unit 930, the control unit 940 and the buffer
unit 950 shown in FIG. 9A are omitted.

FIG. 9B is similar to FIG. 7B exception that the delay lock
loop 900B does not comprise an elimination unit. In this
case, the phase detection unit 930 detects the phase differ-
ence between the clock signals CLK,, and CLKy,. Since
the delay unit 910, the phase detection unit 930, the control
unit 940 and the buffer unit 950 shown in FIG. 9B are the
same as the delay unit 110, the phase detection unit 130, the
control unit 140 and the buffer unit 150 shown in FIG. 1B
respectively, the descriptions of delay unit 910, the phase
detection unit 930, the control unit 940 and the buffer unit
950 shown in FIG. 9B are omitted. Furthermore, the selec-
tion unit 960B and the lock unit 970 of FIG. 9B are the same
as the selection unit 760B and the lock unit 770 of FIG. 7A
respectively, the descriptions of the selection unit 960B and
the lock unit 970 of FIG. 9B are omitted.

FIG. 10A is a state schematic diagram of an exemplary
embodiment of the delay lock loop of FIG. 9A, according to
various aspects of the present disclosure. First, in state 1010,
the delay factor SETTING of the delay unit 910 is reset to
0 and the lock signal UP, ,x is set to a first state, such as
a level V,. Therefore, in state 1020, the selection unit 960A
uses the buffer clock signal CLLK , as the clock signal CLK ,;
and uses the buffer clock signal CLK as the clock signal
CLKj,. In state 1030, the phase detection unit 930 deter-
mines whether the rising edge of the clock signal CLK,,,
leads the rising edge of the clock signal CLK, . If the rising
edge of the clock signal CLK,, leads the rising edge of the
clock signal CLK,, the control unit 940 increases the delay
factor of the delay unit 910. If the rising edge of the clock
signal CLK,,, does not lead the rising edge of the clock
signal CLK;,, the selection unit 960A uses the buffer clock
signal CLK,, as the clock signal CLK;, and uses the buffer
clock signal CLK as the clock signal CLK,, . In state 1040,
the indication signal UP is a level V, and the lock signal
UP; o 18 set to a second state, such as the level V,. Then
the delay factor SETTING of the delay unit 910 is reset to
0 and state 1030 is entered.

FIGS. 10B and 10C are clock schematic diagrams of
exemplary embodiments of the delay lock loop of FIG. 9A,
according to various aspects of the present disclosure. In
FIG. 10B, since the rising edge of the clock signal CLK,,,
leads the rising edge of the clock signal CLK,, the indi-
cation signal UP is at the level V. Therefore, the control unit
940 increases the delay factor SETTING of the delay unit
910 until the indication signal UP is at the level V,. The
symbol CLK,,, represents the delayed clock signal CLK ,,,.

In FIG. 10C, when the rising edge of the clock signal
CLK, is aligned with the rising edge of the clock signal
CLKj,, the indication signal UP is changed from the level
V, to the level V,. At this time, the lock signal UP; ;- is
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changed from the first state to the second state and the delay
factor SETTING of the delay unit 910 is reset to an initial
value.

In this embodiment, the delay unit 910 shown in FIG. 9A
or 9B is the same as the delay unit 110 shown in FIG. 1B,
but a maximum delay time by which the delay unit 910
shown in FIG. 9A or 9B delays the input clock signal CLK 5,
is the double of a maximum delay time by which the delay
unit 110 shown in FIG. 1B delays the input clock signal
CLK -

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A delay lock loop, comprising:

a delay unit comprising a delay factor and delaying a first
clock signal to generate a second clock signal accord-
ing to the delay factor;

an elimination unit delaying a third clock signal to gen-
erate a fourth clock signal;

a phase detection unit coupled to the delay unit and the
elimination unit and generating an indication signal
according to a phase difference between the second and
fourth clock signals; and

a control unit coupled to the phase detection unit and the
delay unit, wherein the control unit controls the delay
unit according to the indication signal to adjust the
delay factor,

wherein when the delay factor is equal to an initial value,
an initial time difference occurs between the first and
second clock signals, and

wherein a time difference between the third and fourth
clock signals is equal to the initial time difference.

2. The delay lock loop as claimed in claim 1, wherein
when the delay factor is not equal to the initial value, the
time difference between the first and second clock signals is
greater than the initial time difference.

3. The delay lock loop as claimed in claim 1, wherein the
first clock signal is equal to the third clock signal.

4. The delay lock loop as claimed in claim 1, further
comprising:

a buffer processing an input clock signal to generate the

first clock signal; and
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an inverter inverting the input clock signal to generate the
third clock signal.

5. The delay lock loop as claimed in claim 4, wherein
when the delay factor is equal to the initial value, the
indication signal is at a first level to direct the control unit
to control the delay unit to increase the delay factor.

6. The delay lock loop as claimed in claim 5, wherein
when a rising edge of the second clock signal leads a rising
edge of the fourth clock signal, the indication signal is at the
first level, and when the rising edge of the second clock
signal follows the rising edge of the fourth clock signal, the
indication signal is at a second level and the control unit
controls the delay unit to reduce the delay factor.

7. The delay lock loop as claimed in claim 1, wherein the
control unit is a low pass filter.

8. The delay lock loop as claimed in claim 1, wherein the
delay unit comprises:

a P-type transistor;

a N-type transistor connected to the P-type transistor in

series;

a plurality of pull-high transistors connected in parallel
with one another, wherein the drains of the pull-high
transistors are coupled to a source of the P-type tran-
sistor;

a plurality of pull-low transistors connected in parallel
with one another, wherein the drains of the pull-low
transistors are coupled to a source of the N-type tran-
sistor.

9. The delay lock loop as claimed in claim 8, wherein
when the delay factor is equal to the initial value, the
pull-high transistors and the pull-low transistors are turned
on.

10. The delay lock loop as claimed in claim 1, wherein the
delay unit comprises:

a first delay circuit delaying the first clock signal to

generate a first output signal;

a second delay circuit coupled to the first delay circuit and
delaying the first output signal to generate a second
output signal; and

a first multiplexer coupled to the first and second delay
circuits wherein the first multiplexer receives the first
and second output signals and uses the first or second
output signal as the second clock signal according to
the delay factor.

11. The delay lock loop as claimed in claim 10, wherein

the elimination unit comprises:

a third delay circuit delaying the third clock signal to
generate the fourth clock signal; and

a fourth delay circuit connected to the third delay circuit
in series; and

a second multiplexer coupled to the third and fourth delay
circuits wherein the circuit structure of the third delay
circuit is the same as the circuit structure of the first
delay circuit, the circuit structure of the fourth delay
circuit is the same as the circuit structure of the second
delay circuit, and the circuit structure of the second
multiplexer is the same as the circuit structure of the
first multiplexer.
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